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ABSTRACT

The purpose of this projent was to invostigate the
capability of blending traditional discryte event simula-
tion techniques with artificial intelligence technology. In
order to fully demonstrate the capabilities of such a
simulation environment, a difficuit class of simulation
problem was selected for the project: a military C? (Com-
mand, Cortrol, and Communication) simulation. The
hardware chosen for the project was a Symbolics’ LISP
machine running an artificial inteligence shell called
Knowledge Engineering Environment (KEE)'. The
authors were pleased to ccnclude that this environment
provided a powerful simulation capability In which
human decision-making processes could be readily
represented.

PRQJECT DESCRIPTION

The Physical System Modeled

One of the military systoms that has been pro-
posed for national defensa is the Midgetman Mobile
Intercontinental Ballistic Missile (MICBM) system. The
system us proposed would consist of a number of
mobile launcher organizations thal could be deployed
throughout a region of the United States. A launcher
organization would be comprised of the launcher vehicle
and other support equipment and personnel.

Since the MICBM system Goes not exist, the
authors "designed" the hypothetical MICBM system,
speciying the physical assets and attributes of a
launcher organization. The following is a list of the phy-
sical equipment comprising a launcher organization, and
the assets and attributes of the equipment:
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"Symbolics is & trademark of Symbolics, Inc.

“"KEE Is a trademark of IntelliCorp of Mountain
View, California.
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Actors (Entitles) in the Mode!

The following is a list of the suite of actors, or
entities that the model uses to represent the proposed
MICBM system:

(1 Launcher Organizations, 1
represented within the model.

(2) A Command Actor represents a fixed hardened
command post. Other actors (Launcher Organi-
1ations, Supply Teams, Reconnaissance
Teams) communicate with the Command Actor
via radlo or land line. This actor can grant or
deny requests from other actors, or order other
actors to action.

(3) A Threat Actor represents enemy Intelligence. it
possesses a suite of sensors (overhead detection
systems, radio direction finding sysiems, etc.) that
can detect Launcher Organizations or other
mobile actors, or fixed depot sites Upnn detec-
tion, this actor has the capability to launch a
nuclear atiack against the actor, or a depot.

(4) A Terrain Advisor/Master performs two func.
tions. First, It maintains the ground truth regard.
Ing the "world® of the maodal. Al information
regarding sites, routes, actors, elc, damagod or
destroyed by conventional or nucloar aftack is
maintained by the Terrain Master

Socond, tho Terraln Advisor responds v an
actor's roquest lor routo Information utilizing the
actor's parceptions of the "world".

(5) A Pesudo-Actor rore onis an intormation nut
wheoreby observation: nade by civilians, ham
radio operatoras, policy, vlc, can bo broadcast to
any actor within recalving range. These obsarva
tions may be of damaged or dostroynd silos,
cities, highways, or other actors

to N may be



Other actors represented within the simulation
include supply sergeants, motor sergeants, communica-
tion centers, and ADP personnel.

The Simulation Environment

The desired simulation environment would blend
traditional discrete event simulation techniques with
expert system-like capabilities to execute the complex
decision-making events. In order to realistically
represent the behavior of a military operation, the model
must have the ability to maintain the "ground truth”
regarding the operation, as well as the individual entities'
perceptions of the truth. Further, the entities must be
able to learn, as facts regarding the operation become
known to them. For example, a town containing a fuel
depot might have been destroyed by the enemy. How-
ever, this fact is unknown to an entity in the simulation
requiring fuel. His decision process regarding where to
send a re-fuel team could therefore cause him to
dispatch his team to the destroyed depot. Upon arrival,
the re-fuel team would then have access tc the "ground
truth" concerning the status of the depot, and his per-
ception of the depot's status can be updated.

The hardware that was selected for this project
was a Symbolics 3600 with 1 megaword of memory and
a 300 megabyte disk. KEE was chosen as the software
with which to implement the simulation. Utilizing KEE's
ability to interface with the Symbolic's native Zetalisp, a
discrete event simulation controller was written in LISP
to drive the simulation. The complex C2? (Command and
Control) events were written In KEE's RuleSystem2,
The less complex physical events (such as a retueling
operation) were coded in LISP and invoked as KEE
methods. The suite of actors (entities) within the modet
were defined by KEE units.

Operational Concept and Problem Statement

To the largest extent posuible, it was desired that
the design »f the simulation allow e specification of the
operational concept to remain flexible and easily
changed. Thi~ was accomplished by defining the C?
(decision-making) events in KEE's RuleSystem2. The
natural-lenguage syntax of KEE's RuleSystem2 is more
easlly lvamed and understood than LISP code. In this
way the client can change any aspect of the operational
concept by simply changing the rules defining the event
ot interest.

The problem statement to bo answered by this
prototype simulation is as follows:

How survivable and effactive is the MICBM sys-
ten in the event of giobal nuclear war?

To answer this question, the model reports the
lollowing information:

(1)  Numbers of launchors damaged or destroyed
before they could carry out their mission,

(2)  Numbers and types of parsonnel losses,

(3)  Amount of communications traMic that was not
received, and

(4)  Information regarding enemy detection.

Participants

Darrell Morgeson (S-6) was the project leader.
Douglas Roberts (S-6), was responsible for the overall
design and software engineering for the project Jared
Dreicer (5-6) designed the dacision-making (C?) events
Kathy Burris (S-6) and Jan Stelzer (S-6) provided pro-
gramming suppoit.

Funding History

This was the first year of the project and no previ-
ous funding had existed for it. The funding for the project
was $500K.

ACCOMPLISHMENTS

The following has been accomplished on the
MICBM simulation during the past fiscal year:

(1) The Software Requirements Document was
developed and reviewed by staff.

(2) The Preliminary Deeign Document was also
developed and reviewed by stait.

(3)  The Detsiled Design Document (Pseudo-code)
has been auveloped.

(4) A working prototype of the model is running on
the Symbolics 3600 computer.

Through this project, much has been learned
regarding the capabilities of an object-oriented code
development environm~at (Symbolics/KEE) for produc-
ing C? simulations. Some of the features of this Jnviron-
munt that were investigated during the development ot
the simulation were:

(1) Message passing between objects (units) in the
model

(2) Inheritance roles from class units to subclass
units

(3) Use of the KEE RuleSystem2 to capture “uman
decision-making processes

(4)  Use of Zetalisp to code the simulation controller
and the physical avents

As a result of this project, the investigators lual
that the capability to develop and implerent the ditticult
C? class of siulations on the Symbolics class of com-
puters has been demonstrated Further, it has been
shown that these simulations can be developed much
more rapidly than in the tracitional FORTRAN environ
ment. Benthmarks establishod Juring the course of the
project show that LISP code can be developad on a
Symbolics approximately five times lastor than
equivalent FORTRAN code generated in a morg tradi-
tional computing environme

In addition, the Symbolics/KEE environmant s
richer than other traditional simulation envirnnmants
such as SLAM, SIMAN, GPSS, and SIMSCRIP1 Com
bining an artiticial Intelligence shell like KEE ~ith a
powsrful object-orlented programming language like
Zetalisp can result in a discreta event medsling capabil
fty -uperior In many ways to others currontly in



existence. The authors are satisfied with the results of
the protdtype MICBM simulation and are preparing gen-
eral "how-to" documentation for designing such simula-
tions.

However, it was leamed that there are some
disadvantages to this environment. First is the speed (or
lack therec 7 in model execution. Second is the lack of
any of the discrete event modeling tools such as a simu-

lation controller or a library of probability density func-
tions.

FUTURE PLANS

A natural follow-on study will be to investigate
using Al techniques to develop a Planner, This planner
will simulate the decision-making capabilities of a com-
mander in combat. We expect that the product of this
research will be very useful in enhancing the overall
capability of our combat simulations in the performance

of analysis for studying the eflect of vveapons system on
the battiefield.

We have briefed numerous DOD officials on our
results, including the Undersecretary of the Army. The
Army has agreed to station two full-ime Army Military
Research Associates with S-5 to participate in research
on command and control during the coming years.



